The cancer stem cell (CSC) theory posits that a small population of cells with stem celllike features is responsible for tumor growth, resistance, and recurrence in many malignancies. This theory could be a useful paradigm for designing innovative targeted drug therapies. Liver cancer is the fifth most common cancer worldwide, with hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) as the predominant forms. Hepatic stem/progenitor cells are believed to be the origin of HCCs and CCAs; however, this remains a controversial topic. Aldehyde dehydrogenase (ALDH) is the main enzymatic system responsible for the clearance of acetaldehyde from the hepatocytes in the liver tissue. Therefore, ALDH1 has been suggested to be a potential, biological and CSC marker in liver cancers. We here provide an overview of the current state of knowledge of CSCs in liver and the role of ALDH1 in the development and progression of liver cancers and discuss its potential value as a prognostic and diagnostic biomarker.
Introduction
Liver cancer is the second most common cause of death from cancer and is the fifth most commonly diagnosed cancer worldwide [1] . Given that the incidence of liver cancer has been on the rise globally and its poor prognosis, the overall mortality rate has also been increased [1, 2] . Some hepatic stem/progenitor markers are currently available for identifying a subset of cells with stem cell-like features known as cancer stem cells (CSCs). Identifying CSC-specific genes and understanding their mechanisms in liver cancers are important issues in the development of cancer therapy. Aldehyde dehydrogenase 1 (ALDH1) has been reported to indicate the therapeutic drug resistance of many malignancies, and shows potential to be widely used as a marker to identify cells with stem cell-like features, including those in primary liver cancers. We describe an overview of CSCs in liver and the role of ALDH1 in liver cancers.
The concept of CSCs
The CSC concept derives from the fact that cancer cells are dysregulated clones whose continued propagation occurs in a biologically distinct subset of rare cells. This concept is not novel but has gained prominence in recent years owing to advances in gaining a greater appreciation of the multistep nature of oncogenesis [3] . This concept has important therapeutic implications and may explain why it is possible to treat many malignancies until the tumor can no longer be detected, and yet the cancer returns [4] . Although radiation therapy and chemotherapy have been the mainstay of cancer treatment, these modalities do not show a substantial effect on CSCs [5] . Furthermore, it may be tough to create conditions that assist the production of all the mature cell types of the tissue as well as the survival and self-renewal of the stem cells (SCs) from which the mature cell types derive. Very few phenotypic markers have proven to be reliable surrogates for enumerating SCs, particularly when they have been physiologically or experimentally perturbed [3] .
SCs in the normal liver

Liver function and architecture
The liver is the largest parenchymatous organ in the body. It carries out a wide variety of functions for maintaining homeostasis, such as metabolism, glycogen storage, drug detoxification, production of various serum proteins, and bile secretion. Most of the metabolic and synthetic functions of the liver are carried out by hepatocytes. The bile duct is formed by cholangiocytes, a type of epithelial cell. Other cell types that compose the liver are hepatic sinusoidal endothelial cells, Kupffer cells located at the luminal side of the sinusoid, and stellate cells at the space of Disse.
Liver stem/progenitor cells
In addition to self-renewability, liver stem/progenitor cells have another specific characteristic: the bipotential to differentiate into hepatocytes and cholangiocytes. Liver stem/progenitor cells play important roles in development, homeostasis, and regeneration. Thus, the liver comprises two stem/progenitor cell systems: fetal liver stem/progenitor cells relating to development and adult liver stem/progenitor cells associated with homeostasis and regeneration.
Fetal liver stem/progenitor cells
The onset of mouse liver development begins at embryonic day (E) 8.5 from the foregut endoderm [6] . The foregut endoderm cells destined for a hepatic fate begin to express the transcription factors HEX and HNF4α as well as the liver-specific genes α-fetoprotein (Afp) and albumin (Alb) and migrate as cords into the surrounding septum transversum mesenchyme. These cells are common progenitor cells, which give rise to both hepatocytes and cholangiocytes and are called "hepatoblasts" during liver development. Recently, the combination of specific cell-surface markers has been used to isolate fetal liver stem/progenitor cells. The CD45 − TER119 − c-Kit − CD29 + CD49f + fraction of the E13.5 mouse liver was shown to include colony-forming cells with the potential to differentiate into hepatocytic and cholangiocytic lineages [7] . Other reported cell-sorting markers that are useful to define fetal liver stem/progenitor cells are c-Kit low [8] , c-Kit [9] , CD13 + [10] , or CD13 + c-Kit − CD49f −/low CD133 + [11] in combination with CD45 − and TER119 − . Delta-like 1 homolog (DLK1) is expressed in the liver buds as early as E9.0 in the mouse embryo, and DLK1 + cells isolated from E14.5 mouse livers have the capacity to form proliferative colonies in vitro, consisting of the hepatocyte and cholangiocyte lineages [12] . E-cadherin and LIV2 are also useful epithelial-specific markers to isolate epithelial cells expressed in the E12.5 mouse liver [13] [14] [15] [16] . CD24a and neighbor of Punc E11 (NOPE) were also identified as sorting markers [17] . HNF4α+ liver stem/progenitor cells express epithelial cell adhesion molecule (EpCAM) in mice as early as E9.5. The EpCAM + DLK1 + cells from the E11.5 mouse liver include cells that form colonies in vitro [18] . The EpCAM + cells isolated from the human fetal liver were shown to contain multipotent precursors of liver stem/progenitor cells [19] .
Adult liver stem/progenitor cells
The liver has a remarkable capacity to regenerate. Liver regeneration depends primarily on the proliferation of adult hepatocytes. In the course of liver generation, hypertrophy of hepatocytes is also observed. In contrast to the regeneration induced by acute liver damage, severe and chronic liver damage induces a defect in the proliferation of mature hepatocytes. Adult liver stem/progenitor cells are thought to be involved in the regeneration induced by such chronic liver damage. During serious liver injury in rodents, the number of characteristic nonparenchymal oval cells increases in the periportal regions. These cells express both cholangiocellular (Ck7 and Ck19) and hepatocellular (Afp and Alb) marker genes and differentiate into both hepatocytic and cholangiocytic cells, suggesting that oval cells are candidate hepatic progenitors [20] [21] [22] [23] .
There are several specific markers for sorting cells containing postnatal stem/progenitor cells. Some of them are the same as fetal stem/progenitor cell surface markers such as EpCAM and CD133. Other reported markers are LGR5 [24] , CD13 + CD133 + [11] , and CD133 + MIC1-1C3 + [25] .
Transdifferentiation between hepatocytes and cholangiocytes
Hepatocytes and cholangiocytes are considered to be derived from single stem/progenitor cells, and they show potential to transdifferentiate into other liver epithelial cell types.
Tarlow et al. [26] labeled SOX9-positive cells in mice, analyzed the formation of organoids in culture, monitored the responses of cells in mice on a choline-deficient ethionine diet or diets containing 3,5-diethoxycarbonyl-1,4-dihydrocollidine, and tracked cells transferred into fumarylacetoacetate hydrolase (Fah)-deficient mice. Hepatocytes from normal, immune-compatible donors could be transplanted and successfully recolonized the livers of these mice; <1% of the hepatocytes were derived from SOX9-positive precursors [27] . The hepatocytederived cholangiocytes continued to express some hepatocyte-specific genes such as Hnf4 and showed low EpCAM expression [28] . Lu et al. [29] reported the conversion of cholangiocytes to hepatocytes when hepatocyte Mdm2 (an E3 ubiquitin ligase gene) was deleted. Huch et al. [27] isolated cholangiocytes from the human liver based on the expression of EpCAM. The cells were grown into organoids, induced to transdifferentiate in culture, and expressed hepatocyte-specific genes. Cholangiocytes isolated from liver biopsies of patients with liver diseases also differentiated into hepatocytes in the organoid cultures, but still carried markers of the patients' diseases. However, it is important to note that in these previous studies, the transdifferentiation of cholangiocytes to hepatocytes was observed in culture, and the hepatocyte phenotype detected after transplantation of the cells into mice was observed before the cells were transplanted. It seems therefore fair to conclude that under most conditions of chronic toxic injury or normal liver regeneration, hepatocytes and cholangiocytes proliferate and retain their phenotype. This phenomenon is strongly supported by both rat and mouse studies.
CSCs in hepatocellular carcinoma (HCC)
The characteristics of HCC
HCC represents the major histological subtype of liver cancers, accounting for approximately 85% of primary cancers in the liver [30] . HCC derives from hepatocytes constituting the liver parenchyma, and liver cirrhosis is a precursor in about 80% of all cases. As the precursor lesion of HCC, liver cirrhosis is caused by chronic liver injury, leading to the consecutive liver regeneration and aberrant nodule formation with neighboring fibrosis.
The liver cirrhosis is known to be caused by chronic viral hepatitis B and C infections; metabolic liver diseases, such as nonalcoholic fatty liver disease, nonalcoholic steatohepatitis, hemochromatosis, a1-antitrypsin deficiency, and Wilson's disease; alcoholic liver disease; and autoimmune diseases [2] .
CSC markers in HCC
Recently, cell aggregates with stronger proliferation potency than other tissues comprising HCCs have been discovered. The cell markers of these aggressive tissues have also been identified and classified as SC markers [31] . CD133 (prominin-1), CD90 (THY-1), CD44, CD326 (EpCAM), CD24, and CD13 are the most common cell-surface markers used to detect the CSCs of HCC [32] . Furthermore, several functional markers are available to classify cells according to CSC potency, such as ALDH1, side population, and high green fluorescent molecule fused to the degron of ornithine decarboxylase, associated with low reactive oxygen species (ROS) levels [33] .
Prognosis of HCC
According to the CSC theory, CSCs could influence a patient's prognosis by promoting metastasis and recurrence. Consistent with this hypothesis, recent findings have shown that the presence of CSCs could be associated with patient survival. For example, overexpression of CD90 in HCC is associated with a poor diagnosis. An immunohistochemical study demonstrated the association between CD90 expression and clinical factors, in which CD90 was overexpressed in approximately 70% of the HCC cases. Furthermore, CD90 overexpression was associated with hepatitis B virus infection, age, and histological grade [34] . CD133 overexpression is an independent prognostic factor for survival and tumor recurrence in HCC patients, however, CD133 expression is not shown in normal liver cells. The other report [35] described that the cytoplasmic CD133 expression in HCC patients is associated with highserum AFP levels, histological high-grade, and invasion. Other studies [36, 37] have demonstrated that CD133 expression is associated with clinical and pathological factors, including poorly differentiated tumors. Furthermore, a significant association was observed between the cytoplasmic expression of CD133 and overall survival of patients with HCC, which was due to multicentric carcinogenicity and hematogenous metastasis to the liver and remote organs. Consequently, positive cytoplasmic expression of CD133 has been proposed to indicate a risk of poor prognosis, especially in patients with HCC at an advanced stage. Chan et al. [36] showed that CD133 is a highly effective prognostic factor for overall survival in patients affected by disease at stage I. In contrast, EpCAM is associated with lower histological differentiation and the invasion of vessel [37] . CK19 expression in HCC is also associated with poor prognosis. Particularly, the increase of CK19-positive cells in HCC was correlated with upregulation of epithelial-mesenchymal transition-related genes. CD44 expression in HCC is related to a higher frequency of extrahepatic metastasis and a shortened survival rate [38] and is correlated with more aggressive tumor behavior and poor clinical outcomes [39] .
Therapy for HCC
Although chemotherapy and ionizing radiation can eliminate tumor cells in proliferating cell cycles, CSCs are intrinsically resistant to these treatments. Therefore, interference with the self-renewal, survival, and niche properties of CSCs is a possible strategy for targeted therapy.
The CSC-specific signal is expected to be a therapeutic target. The self-renewal of CSCs in colorectal cancers is functionally dependent on BMI1, which is one of the polycomb proteins [40] . Furthermore, inhibition of EZH2, a major component of polycomb repressive complex 2 (PRC2), has been demonstrated to dysfunction the self-renewal and tumor-initiating capabilities in some cancers [41] , including HCC. Disruption of epigenetic regulations, such as DNA methylation and histone modification, is associated with the initiation and progression of tumors. The efficacy of epigenetic drugs has been proposed to eliminate CSCs in HCC [42] . Zebularine, a DNA methyltransferase (DNMT) inhibitor, declined CSC properties such as self-renewal and tumor-initiating capacities in HCC cells [43] . Histone deacetylase (HDAC) inhibitors such as trichostatin A and vorinostat have been shown to preferentially suppress the cell growth of SALL4-overexpressing HCC cell lines compared with that of SALL4 − HCC cell lines [44, 45] . These findings suggest that epigenetic therapy using DNMT inhibitors and/ or HDAC inhibitors may be a promising approach for the eradication of CSCs in HCC.
Another approach for eliminating CSCs has been suggested to be monoclonal antibodies targeting CSC-specific antigens [46] , such as CD13, EpCAM, and CD133 antibodies, against hepatic CSCs [47] [48] [49] . However, these markers express in not only CSCs but also normal liver cells and tissue SCs. Thus, preclinical experiments and clinical trials will be needed for ensuring safety and efficacy.
On the other hand, hepatocyte nuclear factor-4a (HNF4A), a hepatocyte differentiation factor, decreases the number of CD90+ and CD133+ tumor-initiating cells [50] while simultaneously causing the cells to lose their tumorigenicity by inducing differentiation of the subpopulations. Similarly, oncostatin M (OSM) has been shown to induce the differentiation of EpCAM+ liver CSCs through the OSM receptor signaling pathway [51] .
Both CSCs and normal tissue SCs are thought to reside in specialized microenvironments called niches. Brain tumor CSCs have been reported to exist in vascular niches where they are maintained in an undifferentiated state by endothelial cells [52] . An oral multikinase inhibitor, sorafenib, is the sole molecular target drug clinically approved to treat advanced HCC. This drug blocks tumor cell proliferation by targeting Raf/mitogen-activated protein kinase/ extracellular signal-regulated kinase signaling and exerts an antiangiogenic effect by targeting tyrosine kinase receptors such as vascular endothelial growth factor receptor and plateletderived growth factor receptor [53] . Although its role in the CSC niche in HCC has not been investigated, sorafenib may contribute to the eradication of CSCs in HCC.
CSCs in cholangiocarcinoma (CCA)
The characteristics of CCA
CCA is an epithelial cell malignancy arising from varying locations within the biliary tree showing markers of cholangiocyte differentiation. CCA is classified by the anatomical location, including intrahepatic, perihilar, and distal CCA. Intrahepatic CCA is defined by the location from proximally to the second-degree bile ducts in the liver. Perihilar CCA is defined by the location from the second-degree bile ducts to the insertion of the cystic duct into the common bile duct. Distal CCA is defined by the location from the origin of the cystic duct to ampulla of Vater.
Perihilar, distal, and intrahepatic disease represent about 50%, 40%, and <10% of CCA cases, respectively [54] . Mixed hepatocellular CCA was only recently acknowledged and accounts for about 1% of CCA cases. The incidence of intrahepatic CCA increases in western countries [55, 56] . The age-matched rate of CCA has been reported to be the highest in Hispanic and Asian populations (approximately 3 per 100,000) and the lowest in non-Hispanic white and black populations [57] [58] [59] .
The mortality rate in intrahepatic CCA is largest in American Indian, Alaska Native groups, and Asian populations and is lowest in white and black populations [56] . Increases in both the recognition and incidence have contributed to the rising interest in this type of cancer. Most cases of CCA arise de novo, and no risk factors have yet been identified.
Updates in Liver Cancer
Cirrhosis and hepatitis C and B virus infections have been implicated as risk factors for CCA, in particular intrahepatic CCA. In the USA and European studies, viral hepatitis C was shown to be a risk factor for CCA with the strongest association observed for intrahepatic CCA [60] , and a Japanese study subsequently confirmed these findings [61] . However, studies from South Korea and China have shown that hepatitis B is a more consistent risk factor for intrahepatic CCA [62] [63] [64] . A meta-analysis of several case-control studies on risk factors for intrahepatic CCA showed that the combined odds ratios (ORs) [65] .
Southeast Asia has a very high incidence of CCA due to the high prevalence of the hepatobiliary flukes Opisthorchis viverrini and Clonorchissinensis, which are risk factors for CCA [65] .
This risk is probably increased by environmental and genetic factors. Several genetic polymorphisms have been reported to increase the risk of CCA. The genes have been indicated as risk factors associated with DNA repair, cellular protection against toxins, or immunological surveillance [57] .
Hepatolithiasis and biliary enteric drainage, predisposing patients to enteric bacteria bile duct colonization and infections, are additional risk factors for CCA [66] . The results from the studies on the role of alcohol and smoking exposure have been inconsistent [57] . . Although obesity is a biologically plausible risk factor for CCA development, the data are too scarce to definitively establish an association at this time.
The molecular pathway in CCA
The genetic pathways contributing to the selective growth advantage of cancer cells can be organized into those governing cell fate and differentiation, proliferation, cell survival, and maintenance of genome integrity. Several studies identifying genetic changes in CCA have been published, but most of the data generated from these single studies need further validation.
The Ras/mitogen-activated protein kinase pathway is one of the main signaling networks in CCA biology and was reported in several studies. Sia et al. described two distinct gene signature classes: a proliferation class and an inflammatory class. The proliferation class (62% of cases) was associated with copy number variations in several oncogenes, whereas the inflammatory class showed activation of inflammatory pathways causing overexpression of cytokines and the transcriptional factor STAT3, which modulates cell growth and survival and has been implicated in carcinogenesis [67, 68] . The Hedgehog survival signaling pathway in CCA has been identified to have tumor-suppressive activity in several studies [69, 70] . Hotspot mutations of genes encoding IDH1 and IDH2 were recently reported by several groups to be fairly specific to intrahepatic CCA among various gastrointestinal and biliary cancers (10-23%) [71, 72] .
CSC markers in CCA
In CCA, chemotherapy adding surgery is usually needed for improving patient survival. The CSCs in CCA involves cell-surface markers, such as CD24, CD133, CD44, and EpCAM.
CD133, known as prominin-1, is an important CSC marker, and has been also found in normal epithelial SCs [73] . CD133 also is an important CSC marker in CCA [74] . CD133-positive cells showed higher invasiveness compared with CD133-negative cells. Shimada et al. [75] analyzed CD133 expression in 29 patients with intrahepatic CCA and found that the 5-year survival rate in the CD133-positive group (8%) was worse than that in the CD133-negative group [76] . However, Fan et al. [77] reported contrasting results, in which CD133 expression was correlated with a higher tumor differentiation status in 54 consecutively analyzed CCA specimens. Moreover, positive CD133 expression significantly correlated with a better prognosis.
CD24 is expressed in cellular adhesion processes, cell motility, and invasive cell growth in cancers [78] . The median survival for patients with high CD24 expression was shorter than that for patients with low expression [79] . CD24 expression is also associated with a poor response to chemotherapy and radiation therapy [80] . However, CD24 is not detected in either the normal or inflamed epithelium, indicating that it may be a useful marker for early CCA carcinogenesis.
EpCAM is a hemophilic, Ca
2+
-independent cell-cell adhesion molecule that is expressed in many human epithelial tissues while the expression in CCA remains unclear. There is just one report that EpCAM is much expressed in CCA cells compared with HCCs cells [81] . ited the characteristic SC properties of self-renewal and heterogenous progeny [82] . The other markers, CD49f, CD117, and SCA-1, have been only scarcely investigated.
Therapy for CCA
Surgical treatment is the main therapy for improving patient survival in CCA [83] . The 5-year survival rate after radical surgical resection is approximately 35% in intrahepatic CCA and about 40% in perihilar CCA [83] [84] [85] . Regarding liver transplantation, the experience of liver transplantation for CCA is still limited, having performed in only a few selective centers, and it is mainly limited to early-stage perihilar CCA [86] . The first line of the chemotherapy in advanced and metastatic CCAs has been proposed to use the gemcitabine with cisplatin [87, 88] . The role of radiation or chemoradiation in CCA remains to be defined. The patterns of recurrence following resection of hilar or distal CCA play an important role in defining the appropriate strategy for adjuvant therapy [89] .
The CSC-target therapy has been challenged in vivo experiments. CD133 inhibits cell growth of Hep3B human hepatoma cell line and abrogated tumor growth in vivo [49] . The EpCAM inhibition by small-interfering RNA (siRNA) in hepatic progenitor cells decreased tumorigenicity [90] . Further, CCA cell lines were inhibited by CD44 siRNA on invasiveness and migration [91] . CD24 suppression decreased the invasive ability of CCA cells [79] . These data suggest that the therapy associated with the surface markers is a new candidate for a CSCtarget therapy for CCA.
ALDH1 in liver cancers
The ALDH gene superfamily contains 19 putatively human functional genes, which encode enzymes that are critical for detoxification through the NAD(P) + -dependent oxidation of aldehyde substrates. Among the 19 genes, ALDH1 has been reported to encode the key ALDH isozyme linked to SC and CSC populations. In the liver SCs and CSCs, retinoic acid (RA), ROS, and aldehyde metabolism are likely to be deeply associated with the functional roles of ALDH1 (Figure 1) . 
ALDH1 in retinoid signaling
Retinoid signaling has important roles in SCs and CSCs [92] . In retinoid signaling, retinol dehydrogenases oxidize the retinol absorbed by cells to retinal [93] . Retinal is then oxidized to RA in a reaction catalyzed by ALDH1 family members such as ALDH1A1, ALDH1A2, and ALDH1A3. The metabolized product RA includes all-trans RA, 9-cis RA, and 13-cis RA. RA enters the nucleus and induces the transcription of downstream genes through the activation of retinoic acid receptors (RARs) and retinoid X receptors (RXRs). Finally, increased ALDH1 contributes to not only RA synthesis but also cellular protection against cytotoxic drugs.
ALDH1 has been reported to regulate CSCs in breast cancer by promoting the metabolism of retinoid [94] . RA binds to RARs and RXRs and activates the expression of genes associated with differentiation, cell cycle arrest, and morphological variation [95] . Increasing RAR and RXR levels creates a positive feedback loop for retinoid signaling. RA formation by the oxidation of all-trans-retinal and 9-cis-retinal in retinoid signaling is closely associated with the function of SCs and CSCs [96] .
ALDH1 in acetaldehyde metabolism
Alcohol dehydrogenase catalase and cytochrome P4502E1 metabolize ethanol to acetaldehyde. Acetaldehyde produces ROS, which suppress DNA repair and methylation and form DNA and protein adducts, thereby promoting carcinogenesis and tumor growth [97, 98] . ALDH1A1 and ALDH2 primarily metabolize acetaldehyde to acetate. ALDH activity maintains a low ROS level and inhibits CSC apoptosis [99] . Reactive aldehydes' metabolism and the ROS level are closely related to the characteristics of CSCs and cancer development. However, the relationship between ALDH and ROS in the functions of SCs and CSCs is still unclear.
ALDH1 in HCC
ALDH1 expression evaluated by immunohistochemistry is heterogenous and is present in the normal liver tissue, especially in hepatocytes [100] . However, ALDH bright cells, including ALDH1 isoforms, evaluated using the Aldefluor assay, have been reported to be a marker of liver progenitor cells in the normal liver tissue [101] and of CSCs in HCC [102] . Interestingly, ALDH bright cells are attributed to ALDH1 activity. Thus, ALDH1 expression in immunohistochemistry is considered to be slightly different from ALDH bright cells in HCC [93] .
ALDH1 expression is associated with a favorable outcome for HCC patients [100, 103] . Furthermore, putative CSC markers such as CD24, CD13, CD90, EpCAM, BMI1, and CD133
were not colocalized with ALDH1-expressing cells in HCC [100] . Consequently, immunohistochemistry with an ALDH1 antibody shows differentiated cells that look like mature hepatocytes but not CSCs.
Taken together, these findings suggest that increased ALDH1 expression is associated with a factor indicative of a well-differentiated morphology and favorable prognosis in HCC. Furthermore, ALDH1-expressing cells may serve as a useful differentiation biological marker for HCC rather than as a CSC marker.
Updates in Liver Cancer
ALDH1 in CCA
Shuang et al. [104] demonstrated that ALDH1 is a valuable marker of CSCs in CCA. Further, patients with high ALDH1 expression had a poor prognosis in the cases of both intrahepatic and extrahepatic CCA. ALDH1 and CD133 are two other molecular markers of putative CSCs in extrahepatic CCA [105] . ALDH1 has been reported to play a crucial role in the identification of CSCs and/or tumor-initiating cells in various types of cancers [106] . In breast cancer, ALDH1+ seems to be a more significant predictive marker than other markers for the identification of breast CSCs. However, the identification of putative CSCs using a single marker such as ALDH1 is controversial. Nevertheless, ALDH1 has been shown to be a very important molecular marker for CSCs. To clarify the correlation among ALDH1 and other putative CSC markers, i.e., CD133, CD24, CD44, and EpCAM, and to identify cells with multiple CSC phenotypes might improve the selection of CSCs, and further studies are needed in this regard.
Recently, HCC and CCA have been shown to share the same origin. Hepatic progenitor cells can differentiate into hepatocytes and cholangiocytes and give rise to HCC as well as CCA [107] . ALDH1 expression has been reported to be specific to the liver CSCs' population [102] and can be assessed to reliably identify CCA cells with stem-like properties.
With respect to other ALDH isoforms, only one study has described that ALDH1A3 was a poor prognostic factor and a good biomarker of gemcitabine resistance in intrahepatic CCA [108] .
Conclusions
CSCs represent key cell populations among the heterogenous malignant cells of liver cancers, and their biological characteristics highlight them as a major target for cancer research. In particular, they provide reliable biomarkers for prognosis, such as ALDH1. Discovery of the mechanisms and molecules associated with CSCs offers great potential to accelerate the development of novel therapeutic options and improve the treatment outcome and quality of life of patients with liver cancers.
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